Summary
Measurement of urethral electric conductance can be used to detect the movement of urine along the urethra by registering a change in conductivity reading. This technique has been employed in patients complaining of urge incontinence and has shown movements at the bladder neck when urgency is appreciated. Patients with sensory urgency have been successfully managed by learning to control the movements at the bladder neck during a conductivity recording.
Sensory urge incontinence is defined by the International Continence Society as the involuntary loss of urine associated with a strong desire to void, which is not due to uninhibited detrusor contractions. It is a topic which has to date received scant attention in urodynamic texts, despite being a management problem. The incidence is difficult to determine as presumably the condition is often managed and therefore also classed with motor urge incontinence or detrusor instability. In 558 patients complaining of incontinence who underwent routine cystometry at the Urodynamic Unit at St James' Hospital, sensory urge incontinence was the final diagnosis in 6%. This incidence is small by comparison with the incidence of motor urge incontinence (31%) in the same group. It is difficult to justify treating these patients similarly with anticholinergic medication with the recognized side effects and poor results. The diagnosis is one of exclusion with no objectively demonstrable abnormality on standard urodynamic testing. However, urethral electric conductance (UEC) has detected a feature which correlates well with symptoms.
Urethral electric conductance is a concept which arose from the work of Plevnik et al. 1 during the development of an electric fluid bridge test. The test relies on the fact that urothelium and urine have different electric impedance and, using a specially designed conductivity catheter, this difference can be used to detect opening of the bladder neck.
Standard cystometry measures pressure within the bladder. Urethral pressure profiles record the pressure in the urethra and correlate this with bladder pressure. Using these techniques, little information about the bladder neck mechanism can be measured, disappointing when it is thought that a closed bladder neck contributes to the maintenance of continence in the female. It is well recognized that there is no muscle sphincter at the bladder neck in the female, but that the innumerable elastic fibres and detrusor/ urethral smooth muscle at the bladder neck produce passive occlusion of the lumen.
The measurement of urethral electric conductance employs a 7FG catheter with two gold plated, brass electrodes mounted near the tip. The electrodes are 1 mm wide and a 1 mm apart ( Figure 1 ). With a nonstimulatory voltage of 20 mV applied across them, they are connected to a meter which records the current in p.A. The current measured is proportional to the conductivity of whatever is between the two electrodes, urine with its salt content thus giving a high current, but urothelium a much lower reading. The field of recording round the electrodes is a cylinder with diameter 6.5 mm and length 3.5 mm, This recording field thus eliminates any rotational differences in measurement along the urethra.
The conductivity measurements are made with the patient lying supine, and 250 ml normal saline and a UEC catheter are introduced into the bladder. The electrodes are withdrawn from the bladder, down the urethra to the external urethral meatus at 2 mm/sec using a catheter withdrawal machine. The recording is called the urethral electric conductance profile (UECP)2. Initial work by Plevnik et al. 2 showed that in all tracings, there was a high current reading in the bladder, a low reading in the urethra, with an area of rapid transition in between ( Figure 2 ). If we superimpose the urethral electric conductance profile tracing on the patient's urethral pressure profile trace, we find that the area of rapid transition occurs before a rise in urethral pressure on the urethral pressure profile. This suggests this area could represent the bladder neck, an area which has previously been inaccessible to study. The rise in conductivity must be due to influx of urine to the region of the bladder neck where the recording is being made, as this has higher conductivity than the urothelium of the bladder neck. Thus, either the bladder neck is opening or the urethra is shortening around the catheter. Plevnik et al. confirmed this to be the bladder neck using cineradiology and suprapubic cystoscopy to demonstrate that if the catheter was located to record at the midpoint of the steep slope, the electrodes were at the bladder neck mechanism.
Conductivity recordings obtained with the catheter located to record at the bladder neck mechanism showed marked variation in patients complaining of urgency. Holmes" found a highly significant correlation between the grading of symptoms of urgency and the bladder neck electric conductance (BNEC) recording.
Using the same techniques, we proceeded to investigate patients with sensory urge incontinence, asymptomatic patients and to further assess the BNEC recording as a possible biofeedback treatment in patients with both sensory and motor urge incontinence. Fifteen asymptomatic premenopausal women and 20 women with normal cystometry, normal cystoscopy, sterile mid-stream urine and complaining of sensory urge incontinence were studied to assess the correlation between the symptom of urgency and the maximum BNEC variation or maximum deflection at rest (MDR)previously noted by Holmes. With the patient lying supine, 250 ml of normal saline and the UEC catheter were introduced into the bladder: the electrodes were located at the bladder neck mechanism using the DEC profile and a recording obtained with the patient at rest. The 15 asymptomatic patients had a lower MDR (range 12-44 p.A) than the 20 symptomatic patients whose MDR was 36-108 p.A. From the spread of results, a level of 36 p.A distinguished the symptomatic from the asymptomatic group, all symptomatic patients at or above 36 p.A and only 2 asymptomatic patients with values greater than 36 p.A. There is a highly significant difference between the normal group's MDR and the symptomatic group's MDR (P<0.OOO3; Mann Whitney U test, U=290). Thus, with this difference between normal and symptomatic patients, we have a test for positively diagnosing sensory urge incontinence rather than the diagnosis ofexclusion used previously.
Positive diagnosis becomes useful if we have an appropriate treatment for the problem.. Biofeedback is the process of providing visual or auditory evidence of the status of an autonomic bodily function, so that the patient may exert control over this function. Changes in the detrusor pressure can be demonstrated to a patient with detrusor instability by a bell ringing as detrusor pressure rises or by showing the patient the cystometrogram tracing. It is not easy for a patient to voluntarily inhibit a detrusor contraction by this conventional biofeedback technique, as the contraction has already commenced. UEC, however, detects the contraction at its genesis and this makes it easier to inhibit. When measuring BNEC and detrusor pressure simultaneously, it is found that a rise in detrusor pressure is preceded by the rise in BNEC tracing, so if the patient could control the rise of conductivity, she may be able to prevent the onset of the detrusor contraction. It makes no difference whether the patient has motor or sensory urge incontinence, as biofeedback treatment would be applicable in both cases. Further, use of DEC may show that the two conditions are merely part of the same disease process.
The same 20 patients with urgency and urge incontinence were recruited for biofeedback using BNEC. A urinary diary was kept for one week, then a BNEC recording was made as described above and the patients were shown the conductivity reading on the urethral electric conductance (DEC) meter. They were taught how to close the bladder neck which reduced the conductivity reading and was associated with abolition of the sensation of urgency. Whilst lying observing the conductivity meter, patients were instructed to try to inhibit micturition and if no reduction in conductivity reading was achieved, they tried to imagine they were also controlling an attack of diarrhoea. After 2 or 3 sessions, most patients could at will reduce the conductivity reading. The patients attended for a minimum of 4 half-hour sessions of biofeedback and practised the same movements at home for half an hour each day. At completion of treatment, the patients were reassessed using a further urinary diary and maximum BNEC variation (MDR). To date, 13 patients have completed biofeedback treatment. The end of treatment evaluation showed that the MDR decreased in all patients (Figure 3 This test gives us information additional to that which has been previously available and may help us to elucidate the aetiology of the sensation of urgency, thus improving possible treatment options.
To predict those patients who will show symptomatic improvement with therapy, we examined the fall in MDR achieved with treatment as a percentage of the initial MDR value. Those greater than 55% had improvement with symptomatic relief (Figure 4) , so the test can also have a predictive value.
The new technique of urethral electric conductance thus has applications in both investigation and management of urgency and urge incontinence. The BNEC test gives a rapid and objective grading of urgency and sensory urge incontinence. It allows positive diagnosis of the condition of sensory urge incontinence and can be used as a successful alternative mode of treatment for sensory urge incontinence and as a measure of gauging likely relief of symptoms after treatment.
